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ABSTRACT
Design of Process Improvements to Increase Field Work Efficiency at
Webcor Concrete Group
Fiona Blackburn

This study set out to analyze and improve field work efficiency at Webcor Concrete
Group, a subcontractor working on a new housing project at the Cal Poly, San Luis
Obispo campus. Specifically, they would like to access their performance in regards to
end-of-break to back-to-work time and the 30-30 rule, which states that everything a field
worker needs should be accessible within 30 seconds or 30 feet. The problem statement is
that Webcor wishes to utilize their field hours 5% more efficiently through a study of
current shortcomings and recommended improvements. A review of the literature
generated process improvement ideas and helped to determine the optimal data collection
method. A combination of activity sampling and worker surveys was used to assess the
current state. One observer studied the deck setting and deck stripping crews to gather
data, and surveys were administered to these same crews. An analysis of the data
collected identified the following six primary issues:







The most unproductive section of the day is between Break 1 and Break 2
The highest “End-of-break to back-to-work” time is at the start of the day
The common 30-30 rule violations on both crews are saws and ladders
The largest 30-30 rule violation for the setting crew is shoring posts
The largest 30-30 rule violation for the stripping crew is the forklift
Site-wide safety meetings are inefficient

Process improvement designs were then developed to address these issues. Webcor
management and the crews participating in the study scored the designs based on their
perceived feasibility and effectiveness in improving field work efficiency. The top four
process improvement designs were:





Always return safety flags to the job box at the end of the day
Purchase one extra saw and ladder for setting & stripping crews
Include the forklift driver in scheduling meetings
1 person announces all weekly work at the safety meetings

An economic analysis was performed to further assess these ideas and all four were found
to be profitable changes. These recommendations will not reach the goal of utilizing field
hours 5% more efficiently, however they will allow for cost savings through an
improvement in field work efficiency. Therefore, the final recommendation to Webcor is
to implement these four improvements as a pilot program at the Cal Poly site, and expand
them to other sites if they are proven to be successful.
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I. Introduction
This report will describe a study designed for Webcor Concrete Group to analyze their
field work efficiency and provide recommendations for improvements. At Webcor
Concrete Group, the management has noticed a high level of field worker inefficiency,
especially between the end of a worker’s break and when they resume productive work.
They aim to follow the 30-30 rule, which states that everything a field worker needs
should be accessible within 30 seconds or 30 feet, but they do not always accomplish
this. Construction labor is very expensive, and with large crews on large projects, the cost
of wasted or unproductive time translates to high costs and reduced profits. Therefore, the
problem statement is that Webcor wishes to utilize their field hours 5% more efficiently
through a study of current shortcomings and recommended improvements. The objectives
of this study are to:





Design a replicable data collection plan.
Analyze the current field worker efficiency of two foreman crews at Webcor
Concrete Group on the Cal Poly SLO housing construction site.
Design and analyze process improvements.
Present a business case detailing potential savings.

In order to accomplish these objectives, a data collection plan will be designed that may
be replicated in the future if Webcor wishes to expand their data beyond two crews. The
data will be analyzed to determine the current field worker efficiency at Webcor, and to
identify areas for improvement. Knowledge of process improvement and facility design
will be utilized to develop ideas for improving efficiency. These process improvement
designs will be analyzed by both worker crews and management to determine their
potential feasibility and effectiveness. Multiple alternatives will then be presented in the
form of a business case to document the potential savings if efficiency were improved.

II. Background and Literature Review
This chapter will provide background information on the client, Webcor Concrete Group,
as well as define the current state of the project. A comprehensive literature review which
will inform the design moving forward will also be summarized.
2.1 Background
Webcor Concrete Group is a division of Webcor Builders that was established in 1999.
They operate as a concrete subcontractor separately from the general contractor and
parent company, Webcor Builders. The company is headquartered in San Francisco, CA
and typically specializes in high-rise buildings constructed in the city, but has experience
working on a variety of projects.
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2.2 Current State
Last year, the management at Webcor Concrete Group estimates that they billed
approximately one million field hours. Construction labor accounts for a large percentage
of their costs, and as such Webcor has put a large emphasis recently on implementing
lean processes. Field workers generally cost the company 80 dollars/hour, so their target
of improving worker efficiency by 5% would represent 4 million dollars in savings.
However, there is no benchmark data available for field work efficiency at Webcor as no
studies have been previously documented.
Currently, the management at Webcor believes that the main sources of worker
inefficiency are violations of the 30-30 rule and the time wasted between the end of a
worker’s break and when they resume productive work. Additionally, violations of the
30-30 rule are often attributed to ineffective site resource layouts and workers not having
necessary tools accessible. On the Cal Poly housing construction site, each foreman is
responsible for their own job box which contains tools their crew uses regularly. There
are also two connex boxes with consumable materials which are placed centrally on the
site for all crews to use. The effectiveness of this current layout will be analyzed during
data collection.
2.3 Literature Review
The literature reviewed for this project was used to determine the data collection
procedure that will be utilized, and to brainstorm ideas for potential improvements to
field work efficiency in the construction industry. In order to design an effective data
collection plan, prior studies of field work efficiency were reviewed. These were used to
determine the optimal productively measurement techniques as well as which factors to
study. Past implementations of lean or industrial engineering principles on construction
sites were also reviewed to identify recommendations that may be applicable to the
process improvement designs that will be developed at the conclusion of this study.
2.3.1 Data Collection Procedures
There are a variety of productivity measurement methods that have previously been used
on construction sites, and they all have their own unique advantages and disadvantages.
Although many techniques were studied in the literature, the ones that may be useful for
this study are video observation, direct observation, activity sampling, worker surveys,
and worker logs. Some of these methods allow for continuous observations while others
can be used for intermittent observations. Some pros and cons of these overarching
categories of measurement techniques are summarized in Figure 1 (Noor, 1). The
application of these methods is further explored below.
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Figure 1 – Advantages and Disadvantages of Labor Productivity Measurement Methods

One of the most accurate methods for data collection is the use of video or time-lapse
recordings. This method allows for less labor intensive data collection and provides a
permanent recording of site activities (Noor, 2). Noor, Fosse et. al., and Navon et. al. all
referenced this procedure in articles discussing productivity studies on construction sites.
Unfortunately, the accuracy data video recording can provide comes at a high cost when
compared with other methods. Not only does appropriate photography equipment need to
be purchased, but there is also a large labor cost associated with analyzing the footage
(Navon et al., 80). Another downside to this method is that there must be an appropriate
vantage point to mount the camera that can adequately record all relevant activities, or a
multi-camera system may need to be implemented which further adds to the cost. Finally,
equipment failure and poor lighting may jeopardize the quality of the data collected
(Noor, 2).
An alternative to video recording that still allows for continuous observation is the direct
observation method. In this method, an observer continually monitors the activities of
workers throughout the day and notes time that is spent idle. For this method to be
utilized effectively, it is recommended that one observer only monitors a maximum of
five workers on a crew, which may restrict data collection (Noor, 2). Additionally, it is
crucial that the observer, “be in a suitable vantage point where there is a full view of all
the workers, but at the same time does not interfere with the progress of the operations”
(Noor, 2). Despite these challenges and the labor-intensive nature of direct observation, it
still may prove to be a cheaper alternative to video observation that provides the
advantages associated with continuous observation.
Activity sampling is conducted similarly to direct observation, but with intermittent
observations. The workers are observed periodically throughout the day and their
activities recorded at that time (Noor, 2). Navon et. al. specifically discusses the
productivity ratings method of activity sampling in which a worker is classified as doing
contributory work, not useful work, or no work during each observation (80). By
collecting many discrete observations, the observer can infer the general distribution of
productive versus non-productive work throughout the day (Noor, 2). This method of
3

data collection is less labor intensive than direct observation, but at the cost of reduced
accuracy.
There are many types of worker surveys documented in the literature. Some clear
advantages to this approach are that surveys are cheap, fast, and easy to implement for a
large number of workers (Navon et al., 80). In the article “Measuring Construction Labor
Productivity by Daily Visits”, Noor discusses two types of worker surveys – the
Craftsmen’s Questionnaire Survey and the Foreman Delay Survey (3). The first surveys
all workers in a crew to solicit information on delays that occurred and factors that affect
their performance. However, the data is often considered unreliable as it is subjective and
depends entirely on the memories of the workers (Noor, 3). The Foreman Delay Survey is
generally a more accurate method of data collection as the foreman has a strong
understanding of the site operations from both the management and his crew. In this
method, the foreman is questioned at the end of each day so that detailed information on
the extent and type of any delays that occurred can be identified from a reliable source,
without impeding site operations (Noor, 3).
The final data collection technique being considered is the use of worker logs. This
method was utilized in a case study conducted by Fosse et al. to collect data on the
current productivity on a construction site in Norway (825). A sample of the log used in
the study can be seen in Figure 2 (Fosse et al., 826). The log system requires workers to
set goals for progress on tasks during each work session and document any challenges
that impeded the completion of their goal (Fosse et al., 826). In this way, the workers feel
empowered to create change in their workplace and an environment of continuous
improvement can be fostered. This method does not allow for data to be gathered on the
exact time workers are idle throughout the day, but it does give the observer an idea of
what issues are negatively impacting worker productivity.

Figure 2 – Example of Worker Log

2.3.2 Productivity Factors on Construction Sites
Once a method of collecting data has been identified, it is also important to know which
factors have the greatest effect on productivity on construction sites in order to analyze
them. Wambeke et. al. identified fifty key productivity factors and grouped them into
eight overarching groups, which are prerequisite work, detailed design/working method,
labor force, tools and equipment, material and components, work/jobsite conditions,
management/supervision/information flow, and weather or external conditions (980). The
4

results of a nationwide survey found that laborers believe the top three contributors to
variation in construction task duration are labor force, materials and components, and
supervision/management, so these will be especially important areas to consider when
conducting the study for this project (Wambeke et al., 984). The results of the research by
Wambeke et. al. also concluded that “laborers claim they experience 4.5 hours of total
variation during an average week…[which] represents over a 10% loss in available hours
when assuming a 40 hour work week” (988). If these results are widely applicable, this
study helps to establish the feasibility of Webcor’s goal of improving field work
efficiency by 5%.
Ailabouni et. al. also conducted a survey to identify key factors affecting construction
productivity. They found that the most significant factors in the United Arab Emirates
construction industry are work timings, competent supervision, group dynamics, control
by procedures, availability of materials, and climatic conditions (Ailabouni et al., 555).
Although labeled differently, these results are in line with the previous findings by
Wambeke et. al.
2.3.3 Industrial Engineering in Construction
The application of industrial engineering tools and lean production principles in the
construction industry was studied in Colombia by Galindo et al. The researchers looked
at the construction of masonry and structural elements to evaluate the application of
various tools, and the one that appeared the most applicable to this study is the Gray Kidd
algorithm for resource allocation (Galindo et al., 6). The Gray Kidd algorithm may be
used to determine the optimal allocation of limited resources on a site, which in turn
“improves the space allocation and the organization of the workspace, and reduces
downtime due to lack of materials and inactive labor costs” (Galindo et al., 6). This
powerful tool was determined to be outside the scope of this project, but could serve as a
valuable recommendation for future work.
Ergonomics are another important Industrial Engineering tool that can be utilized to
improve productivity on construction sites (Damaj et al., 53). Damaj et al. discuss some
challenges involved in changing a company culture to be more ergonomically friendly,
but also stresses the value that can result from the successfully implementation of
ergonomics (53). Ergonomics is a lean principle, and therefore places an emphasis on
reducing variability. When construction workers experience less work-related pain and
injuries, they are more reliable and have higher morale, both of which contribute to
increased productivity (Damaj et al., 54). Therefore, it is important to consider how
processes can be optimized through ergonomic practices to improve productivity in
construction.
2.3.4 Resource Tracking Technologies
Efficiency is critical to cutting costs in all industries, but on large-scale construction
projects the implications can be tremendous. The importance of limiting waste in
construction is well-documented in the literature, although there is no clear best-practice
established (Ailabouni et al.; Fosse et. al.). When examining worker efficiency in
5

particular, Webcor Concrete Group has identified resource layout as a key factor to be
considered. When a worker does not have the tool or material necessary to complete their
current task available at their location on a large construction site, they may waste large
amounts of non-value added time walking the site to locate an appropriate resource. It
follows that worker efficiency may be improved by optimizing the resource layout on a
construction site. There are multiple methods of tracking resources cited in the literature,
and those that were considered are Vision Tracking, RFID, and 4D technology. However,
these considerations were not ultimately pursued for this project as more feasible
solutions were developed to address the issues identified.

III. Design
This chapter will discuss the iterative process used to design the data collection plan for
this study. The collected data will then be analyzed and used to inform the process
improvement designs.
3.1 Design of Data Collection Plan
The first objective for this project is the design of a data collection plan that will be
utilized to conduct a thorough field study of current 30-30 rule performance and end of
break to back to work time. After researching common methods of collecting data on
construction sites, a few were identified that could be applicable to this project. The five
selected methods were compared using a Multi-Criteria Decision Analysis (MCDA) table
to determine how to move forward. The results are shown in Figure 3, with higher
numbers representing a more favorable score in each category. Worker Surveys was
ranked the highest as it scored very well in all categories except for data accuracy.
However, it was decided that a higher level of data accuracy would be preferred to
provide valid recommendations, so Activity Sampling will also be pursued as it ranked
second in the MCDA.

Figure 3 – MCDA for Data Collection Methods

The data collection plan will therefore consist of a combination of activity sampling of
two crews on the Cal Poly housing site, and surveys conducted with the field workers.
The two crews to be studied are the deck setting crew, who are carpenters that build the
deck formwork, and the deck stripping crew, who are laborers that remove the deck
6

formwork. These crews were selected by Webcor because they account for the largest
amount of field work hours. Additionally, it was valuable to study two different types of
field workers, carpenters and laborers, to compare their efficiencies.
3.1.1 Activity Sampling Design Iterations
The data collection sheet used during activity sampling was redesigned multiple times to
ensure a high level of data accuracy. Navon et al. recommend the use of a preliminary
study to test the effectiveness of data collection methods (81). For this project,
preliminary data was collected and used as a basis to refine and finalize the study before
conducting a more thorough survey.
The data collection sheet used during preliminary activity sampling can be seen in
Appendix A. This original data collection sheet utilized 15 minute increments for
observation and assumed that an entire crew could be studied simultaneously.
Additionally, it attempted to track both the number of 30-30 rule violations and the
percent of time workers were unproductive across the whole crew. This sheet also did not
allow enough space for thoroughly documenting observations, which led to scattered
information.
An initial redesign of the data collection plan provided much larger cells to allow for
clear recording of observations. Furthermore, instead of simply recording the occurrence
of a 30-30 rule violation, the cause of the violation and productive time lost were also
documented.
In the final data collection sheet used for this study, observations were recorded on
specific workers instead of the crew as a whole. Due to the size of the site, preliminary
data collection proved to be inaccurate for large crews as there was no vantage point that
allowed a single observer to view all of the workers simultaneously. Therefore, activity
sampling was only performed on up to three workers at a time. Additionally, the data
collection sheet was broken down into more manageable six minute increments, as
opposed to the original 15 minute increments. The final data collection sheet can be seen
in Appendix B.
3.1.2 Worker Surveys
Workers were also asked to track their own performance in regards to the 30-30 rule to
increase the number of data samples collected. This worker survey is shown in Appendix
C. Originally, a crew was given enough surveys to track their performance for a week,
and the observer returned on Friday to collect the results. However, at this time every
worker had either lost, forgotten about, or chosen not to complete the survey over the
course of the week. Moving forward, the observer checked in with the crew at the end of
every day to oversee the survey completion, which proved to be a more effective
methodology.
The data collected then needed to be verified as worker reported information is not
generally considered to be reliable. It was found that compared to the activity sampling
results, workers generally under-reported their violations of the 30-30 rule, but the
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occurrences they did document were accurate. Therefore, this information was used in
analyzing the causes of 30-30 rule violations, but not in determining the amount of
unproductive time they caused.
3.2 Data Analysis
The data collected from activity sampling, worker surveys, and general observations was
compiled and analyzed to identify the largest issues contributing to inefficiency on the
site. This information was critical to the design of effective process improvements as the
proposed changes target specific issues that were documented.
3.2.1 Unproductive Time
Unproductive time due to 30-30 rule violations and between the end of a worker’s break
and when they resumed productive work was analyzed. There are other contributors to
unproductive time on a construction site, but those were not documented in this study.
The results seen here are taken from over 40 hours of activity sampling and are averages
over both observed crews.
The average time before productive work starts at the beginning of the day, after break 1,
and after break 2 can be seen in Table 1. This data shows that the most unproductive time
was actually seen at the start of the day, not after either of the two breaks.
Start of Day
10.5 min

Unproductive Time After Breaks
Break 1
5.2 min

Break 2
5.5 min

Table 1 - Unproductive Time After Breaks

Table 2 shows the percent of time a worker is unproductive due to 30-30 rule violations.
As shown in the table, 30-30 rule violations have the largest impact between breaks 1 and
2. The current work schedule at Webcor is from 7am to 3:30 pm with a 20 minute break
at 10am and a 30 minute break at 12pm. Therefore, the worker’s schedule is divided into
three sections of 3 hours, 1 hour and 40 minutes, and 3 hours. Based on the results,
workers were found to lose the most time to 30-30 rule violations during their shortest
section of the day.
Unproductive Time due to 30-30 Rule Violations
Start to Break 1
Break 1 to Break 2
Break 2 to Finish
5.1%
22.6%
1.3%
Table 2 - Unproductive Time due to 30-30 Rule Violations

3.2.2 Causes of 30-30 Rule Violations
The Pareto charts seen in Figure 4 and Figure 5 show which 30-30 rule violations had the
greatest impact on field work efficiency. They were compiled from a combination of
activity sampling and worker survey data. Each block represents an occurrence of a
worker needing to go farther than 30 feet or 30 seconds to retrieve the item, and the
height shows how long it took. The green line and right hand axis can be used to identify
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which items account for 80% of the lost time and should therefore be focused on. In the
case of the deck setting crew, these items were shoring posts, saws, bracing clamps,
wood, ladders, and tie wire. There were a lot of items that fell above the 80% mark for
the deck stripping crew, but the top few were the forklift, safety flags, and harnesses.
Saws and ladders were the only two items that were above 80% for both crews.

Figure 4 – Setting Crew 30-30 Rule Violations

Figure 5 – Stripping Crew 30-30 Rule Violations

3.2.3 Observations
In addition to the data analyzed above, the observer recorded general observations during
the time spent collecting data on the site. The activities consistently noted as large
contributors to field work inefficiency were:




Changing buildings/work area
Material offloaded without dunnage
Repairing shoring
9





Site-wide weekly safety meetings
Unforeseen need for harnesses
Waiting for the forklift

These did not all lead to 30-30 rule violations, but were regularly seen in the field notes
as areas for improvement. One to note is the Monday morning site-wide safety meetings
that delay productive work for all workers. These meetings are valuable because they
inform everyone on the site of potential hazards and where other crews will be working
throughout the week, but they could be run more effectively to improve overall site
efficiency.
3.3 Design of Process Improvements
The data analyzed above highlighted the most pressing areas in need of process changes.
Once these issues had been identified, multiple improvements were considered. Various
ideas for improving processes on the construction site were generated from the observer,
workers and foreman on the site, management at Webcor, and the literature. For example,
many field workers had experience working on a variety of construction sites for
different companies, and had seen things done in different ways throughout their work
experience. Some of the most valuable insight came from spending breaks eating with the
crews and listening to them discuss their experiences and what they had liked or disliked
about different processes. Based on this input and direct site observation, the observer
selected a process improvement design alternative to address each major concern.
3.3.1 Design Alternatives
These process improvement design alternatives were based on the largest issues
identified from the data. The design ideas and issues they would address can be seen in
Table 3.
Issue Identified
Most unproductive time is between Break 1
and Break 2
Most “End-of-break to back-to-work” time
at start of day
Common 30-30 rule violations on both
crews are saws and ladders
Largest 30-30 rule violation for setting
crew is shoring posts
Largest 30-30 rule violation for stripping
crew is the forklift
Site-wide safety meetings are inefficient

Recommended Improvement
Adjust break times to more evenly divide
the work day
Return safety flags to the job box at the end
of the day
Purchase more saws and ladders for each
crew. Make foreman responsible for
bringing saw to every work area.
Bring posts to work area using smaller,
more transportable carts
Include forklift driver in scheduling
meetings
Streamline meetings by having one person
make all of the announcements

Table 3 - Process Improvement Designs
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To address the high level of unproductive time between break 1 and break 2, which is the
shortest section of the day, break 2 could be pushed back to 12:30 in order to smooth out
the work day. One cause of unproductive time at the start of the day was setting up or
retrieving safety flags that had been left out the previous day. This could be minimized by
always ensuring the flags are returned to the job box when the workers clean their work
area at the end of the day. Saws and ladders were the only two items above 80% on the
Pareto charts for both crews, so another suggestion is to better manage or purchase more
of these tools. The largest observed issue for the setting crew was shoring posts, which
are currently stored on large, heavy carts that are challenging to move. If the posts could
be brought closer to the work area on more transportable carts, it would likely reduce the
number of 30-30 rule violations. To address the issues the stripping crew had with using
the forklift, the forklift driver could be included in the scheduling meetings to help
smooth demand. Finally, the weekly site-wide safety meetings could be made more
effective if the information was compiled ahead of time and announced by one person,
instead of going around to many different speakers throughout the meeting. These
preliminary design alternatives were then analyzed to determine which would be the most
valuable for Webcor to pursue.

IV. Methods
The six process improvement design alternatives were analyzed based on their potential
feasibility and effectiveness. Field workers from both observed crews, the site
superintendent and the assistant superintendent all ranked the designs based on these two
factors. The survey, seen in Figure 6, was used to score the alternatives on their
perceived feasibility and effectiveness if implemented on a scale of one to five, with five
being the highest. It was also translated into Spanish to allow field workers to complete it
in whichever language they felt more comfortable. During the timeframe of this project it
was not possible to implement and test the designs, so the results from these surveys will
serve as an indicator of which process changes may prove to be the most successful.
Survey data was collected from 15 field workers from both the setting and stripping crew
and two Webcor employees overseeing the project. The average scores for feasibility and
effectiveness were combined to create a total score that could be used to compare the
alternatives designs.
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Figure 6 - Process Improvements Survey

V. Results and Discussion
5.1 Survey Test Results
The results of the survey administered to field workers and management helped to inform
the final recommendations of this study. The survey analyzed the perceived feasibility
and effectiveness of six process improvement ideas with the goal of determining which
had the greatest potential to be successful if implemented. The average scores from field
workers and managers can be seen in Table 4 and Table 5, respectively.
Field Worker Results
Idea
1. Start lunch at 12:30 to more evenly divide the day
2. Always return safety flags to the job box at the end of
the day
3. More saws and ladders designated for every crew
4. Place shores on smaller carts so they can be moved
more easily
5. Include forklift driver in scheduling meetings
6. One person announces all weekly work at safety
meeting
Table 4 - Field Worker Results
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Feasible
4.1
4.0

Effective
3.8
4.4

Total
7.9
8.4

4.8
3.4

4.7
3.5

9.5
6.9

4.1
4.2

4.0
4.1

8.1
8.3

Management Results
Idea
1. Start lunch at 12:30 to more evenly divide the day
2. Always return safety flags to the job box at the end of
the day
3. More saws and ladders designated for every crew
4. Place shores on smaller carts so they can be moved
more easily
5. Include forklift driver in scheduling meetings
6. One person announces all weekly work at safety
meeting

Feasible
3.0
5.0

Effective
4.0
4.0

Total
7.0
9.0

5.0
3.0

3.0
3.0

8.0
6.0

5.0
5.0

5.0
2.5

10.0
7.5

Table 5 - Management Results

Table 6 shows the order in which both groups ranked the six options based on their total
scores. Both the worker crews and the site managers ranked option 4 of smaller carts as
last and option 1 of a later lunch as second to last, so neither of these options will be
further considered. However, the rankings for the other options varied widely between
the workers and the management, so they will be further analyzed in the following
business case.
Overall Rankings
Workers Managers
1st
3
5
2nd
2
2
3rd
6
3
4th
5
6
5th
1
1
6th
4
4
Table 6 - Overall Rankings

5.2 Business Case
An economic analysis was performed to further assess the remaining four process
improvement designs. For these calculations, it was assumed that workers cost Webcor
$80/hour, when in reality labor cost varies based on many factors such as trade, position,
union, geographic location, years of experience, and value to the company. However, the
cost to the company for most of the workers being assessed on this project ranges
between $68/hour and $95/hour. An overview of the business case for all four ideas can
be seen in Table 7. If successfully implemented, these process improvements could save
the amounts listed as profit because improving labor efficiency results in faster project
completion and therefore billing less labor hours.
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Improvement

Goal

Always return
safety flags to
the job box at
the end of the
day

Reduce start of day
unproductive time to
average unproductive
time after breaks (5
min improvement)

Economic Justification
Cost = 3 min/day x 6 workers x $80/hr =
$6,240 annually
Savings = 5 min/day x 6 workers x $80/hr =
$10,400 annually
Profit = $4,160 annually

Purchase one
extra saw and
ladder for
setting &
stripping crews

Reduce unproductive
time for one worker
on setting & stripping
crews by 5 minutes
daily

Cost = (2 x $250) + (2 x $100) = $700
Savings = 5 min/day x 2 workers = $3,467
annually
Profit = $2,767 annually

Include forklift
driver in
scheduling
meetings

Reduce unproductive
time for one worker
on each crew by 15
minutes daily

Cost = 30 min/day x $50/hour = $6,500
annually
Savings = 15 min/day x 6 workers x $80/hour
= $31,200 annually
Profit = $24,700 annually

1 person
announces all
weekly work at
safety meeting

Reduce meeting
duration by 3 minutes

Cost = $0
Savings = 3 min/week x 130 workers x
$80/hour = $27,040 annually
Profit = $27,040 annually

Table 7 - Business Case

The first improvement would require additional labor cost to take town the flags at the
end of the day. However, the workers are generally working where the flags are, so it
would not be too much additional effort to take them back to the job box with them. This
would incur greater savings in the mornings because workers would not need to go back
and forth to get the flags, and the whole crew could get going faster.
Purchasing more saws and ladders is the only recommendation that requires an upfront
capital investment. It was assumed that the saws and ladders would need to be replaced
annually, but if this is not the case the profit could be even greater.
Including the forklift driver in the morning meetings requires the additional cost of
paying the driver for about 30 minutes daily. However, if the forklift were utilized more
effectively it could result in huge savings across the site, so the economic analysis
showed that this would be a worthwhile process change.
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The final idea does not have any cost associated with it, so any time saved would be
straight savings. However, the 3 minute reduction is an estimate as this would need to be
implemented to see how much the meeting could actually be cut down by.
In order to generate this business case, a number of assumptions were made that have
various confidence levels. Table 8 below outlines these assumptions and the overall
confidence interval for each proposed process improvement design.
Improvement

Assumptions

Always return
safety flags to
the job box at
the end of the
day

- All 6 crews use flags daily

Purchase one
extra saw and
ladder for
setting &
stripping crews

- One worker on each crew currently wastes 5
minutes daily due to a lack of one of these tools

Include forklift
driver in
scheduling
meetings

- 6 workers currently waste at least 15 minutes
daily due to forklift scheduling issues

1 person
announces all
weekly work at
safety meeting

- The meeting time would be reduced by 3
minutes every week

Confidence Level
65-70%

- All crews currently leave their flags out
- It takes 3 minutes to take flags down
- It takes 5 minutes to walk from job box and take
down flags
85-90%

- One additional saw and ladder per crew would
completely eliminate this
80-85%

- Scheduling the forklift would save 15 minutes
daily for 6 workers
60-65%

- All workers at the meeting are paid $80/hour

Table 8 - Business Case Assumptions

The first improvement had a lower confidence level because only two crews were
observed during this project, so there is no data on safety flag use by other crews,
although it is assumed that they all use them. The two crews that were observed did not
always leave their flags out, so the second assumption also lowers the confidence in these
results. However, the times used were based on data from direct observation and have a
high confidence level.
The assumptions made for the second business case have the highest confidence level
because they are mostly data driven. The average time lost due to a lack of a saw or
ladder is five minutes, but it is unknown if both crews experience this daily.
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There was also a high level of confidence in the third process improvement. The 15
minute estimate used was based on collected data, but again it is unknown if this would
apply to all six crews. It is also assumed that scheduling the forklift will rectify this issue,
although in reality the forklift may be simply overbooked and the only way to ease
demand could be to acquire another forklift.
The last improvement had the lowest confidence level because it is not supported by data
but rather based on the observer’s assumptions. There was no test implemented to
determine how much the safety meeting could potentially be cut down by, so further
work would be needed to validate this assumption.
5.3 Limitations of Results
The timeline for this study resulted in various limitations to the results. The data
collection that was feasible for this project was limited to only one observer on one
construction site and of only two worker crews. In order to confirm or expand the
findings, the data collection methodology used could be repeated to increase the data
samples. Additionally, the methods for testing the proposed process improvement designs
were limited by the project timeline. The survey worked as a preliminary indicator of the
potential success of various changes, but the number of survey respondents was limited
due to the amount of people involved in the project. These process changes would also
need to be implemented and observed through further activity sampling to validate the
improvements. Finally, the business case assumptions mentioned above limit the
confidence level of the final recommendations.
5.4 Secondary Impacts
There are some secondary impacts to consider when determining how to move forward
with the results of this study. This project could result in employees being laid off if
changes are implemented successfully and Webcor requires less field work hours. This
could pose an ethical impact to the company if worker rights are not considered. There
may also be an organizational impact as any process improvement project requires a
culture shift at all levels of the company. Before implementing changes, Webcor should
ensure that their company is prepared to handle these impacts.

VI. Conclusions
6.1 Project Summary
This project was initiated from the problem statement that Webcor wishes to utilize their
field hours 5% more efficiently through a study of current shortcomings and
recommended improvements. Through designing and implementing a data collection
plan, the current state of field work efficiency for two crews at one Webcor construction
site was analyzed. It was found that workers are the least effective at the start of the day
and between their first and second breaks, which is the shortest section of the day.
Additionally, many causes for 30-30 rule violations were recorded and a Pareto analysis
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identified the forklift, shoring posts, saws, and ladders as the most important items to
address. General observations also found that the site safety meetings are currently
inefficient. From these findings, four process improvement changes were recommended.
These improvements were determined to be the most feasible and effective through a
survey administered to field workers and management. They were also all shown to be
profitable in a business case. Despite not reaching the goal of utilizing field hours 5%
more efficiently, all of the project objectives were accomplished and the final
recommendations to Webcor will allow for cost savings through an improvement in field
work efficiency.
6.2 Final Recommendations
The business case showed that all four final process improvement designs would be
profitable for Webcor. If the assumptions made can be verified, the final recommendation
is to pursue all four process changes as a pilot program at the Cal Poly housing
construction site. If the changes prove to be effective at this site, Webcor should consider
expanding the new processes across their other sites as well. The final improvements
recommended are:





Always return safety flags to the job box at the end of the day.
Purchase one extra saw and ladder for setting & stripping crews.
Include forklift driver in scheduling meetings.
1 person announces all weekly work at safety meeting.

6.3 Conclusions
The findings from data collected throughout this project led to simple yet effective
process improvement changes that Webcor can implement to improve their field work
efficiency. However, these recommendations do not accomplish the 5% goal originally
set in the problem statement. It was found that workers are generally very effective with
their time, and it would likely require a large, company-wide process change to meet this
target. The four objectives for this project were met, which resulted in a replicable data
collection procedure, current state efficiency analysis, process improvement designs, and
a business case. There are still opportunities for significant expansion on this project and
in the developing area of applying Industrial Engineering in construction. To expand
upon the work done here, it would be valuable to study the same type of crew across
multiple different sites to better understand what process are the same or different, and
how that impacts their efficiencies.

17

REFERENCES
Ailabouni, N., Noel Painting, and Phil Ashton. “Factors affecting employee productivity
in the UAE construction industry.” Proceedings of 25th Annual ARCOM
Conference. Nottingham, UK, 7-9 September 2009., Association of Researchers
in Construction Management, 555-64. 2009.
Damaj, Omar, Mohamad Fakhreddine, Makram Lahoud, and Farook Hamzeh.
Implementing Ergonomics in Construction to Improve Work Performance. n.p.:
2016.
Fosse, Roar, Bo Terje Kalsaas, and Frode Drevland. "Construction Site Operations Made
Leaner and Standardized: A Case Study." Proceedings of 22nd Annual
Conference of the International Group for Lean Construction. Oslo, Norway, 2527 Jun 2014., 823. Vol. 834. 2014.
Galindo, Diana Jaqueline Guerrero, and David Matamoros Ghisays. "Lean Construction
Model Using Industrial Engineering Tools." IIE Annual Conference Proceedings.
Institute of Industrial Engineers-Publisher, 2013.
Ma, Zhaoyang, Qiping Shen, and Jianping Zhang. "Application of 4D for Dynamic Site
Layout and Management of Construction Projects." Automation in Construction,
14.3 (2005): 369-381.
Navon, R, and A Goldman. "On-site Labour-input Data Collection for Comparison
Between Housing-construction Methods." International Journal of Project
Management, 15.2 (1997): 79-83.
Noor, Iqbal. "Measuring construction labor productivity by daily visits." AACE
International Transactions (1998): PR16.
Park, Man-Woo, Atefe Makhmalbaf, and Ioannis Brilakis. "Comparative Study of Vision
Tracking Methods for Tracking of Construction Site Resources." Automation in
Construction, 20.7 (2011): 905-915.
Song, Jongchul, Carl T Haas, and Carlos H Caldas. "Tracking the Location of Materials
on Construction Job Sites." Journal of Construction Engineering and
Management, 132.9 (2006): 911.
Wambeke, Brad, Min Liu, and Simon M. Hsiang. "Causes of variation in construction
task starting times and duration." Construction Research Congress 2010:
Innovation for Reshaping Construction Practice. 2010.

18

APPENDICES
A.

Preliminary Data Collection Sheet

19

B.

Final Data Collection Sheet

20

C.

Worker Survey

21

